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Abstract 
Because civil construction was delayed, a separate test area for a refrigerator and liquefier (R/L area) was constructed for the 
assembly and testing of a TPS helium cryogenic system in year 2012. In 2012 March the TPS helium cryogenic system was 
installed and tested in the test area with a transfer line for liquid nitrogen (LN2) without a vacuum jacket in October 2012. 
Completion of the civil construction of the TPS ring enabled installation of the system in mid-2013. The cryogenic system in the 
R/L area was then disassembled and relocated from the R/L test area to the TPS ring. The vacuum-jacketed LN2 transfer line with 
a phase separator was installed in November 2013. We present here the results of disassembly, reinstallation and 
recommissioning of the cryogenic system. The testing of the functioning and the heat load of the transfer line and phase separator 
for LN2 is also discussed. 
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1. Introduction 
    At NSRRC, the Taiwan Photon Source (TPS) project proposes to operate an electron accelerator with beam 
current 400 mA at 3 GeV and small emittance 2 nm rad. The storage ring has circumference 518.4 m and the booster 
ring 496.8 m. In total, four superconductive RF (SRF) cavities will be installed in short straight sections of the 
storage ring to maintain the eventual energy level of the electrons. 
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One TPS helium cryogenic system will be installed to provide the cooling power required for these SRF cavities [1]. ġ
The cryogenic system was located in three areas: the compressor area, the gaseous-helium inventory area and the 
refrigerator/liquefier (R/L) area, as Fig. 1 shows. The compressor room contains a main compressor, recovery 
compressor and oil-removal system with a gas management panel (ORS/GMP) as Fig. 2(a) shows. The gaseous-
helium inventory area contains four 100-m3 buffer tanks, operated in a range 1.5 to 9.5 barg. The R/L area contains 
one refrigerator and liquefier (R/L), one 7000-L Dewar, one 1000-L test Dewar to simulate the heat load of the SRF 
cavities, one passive warmer, one LN2 manifold to distribute the LN2 to the cold box and SRF cavities and one 80-K 
adsorber regeneration skid. The interconnection piping for gaseous helium near 295 K was implemented between 
these areas as a closed loop. 
 
Fig. 1. The layout of TPS helium cryogenic system. 
(a)                                                                                        (b) 
         
Fig. 2. (a) The compressor area; (b) The R/L area. 
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The LN2-transfer system with a 1000-L LN2 phase separator providing stabilized LN2 for the cryogenic system and 
SRF cavities was installed in year 2013. The helium cryogenic system was contracted to Linde Company in 2009, 
and arrived in July 2011 [2]. The four 100-m3 helium buffer tanks were installed in 2010. The R/L was scheduled to 
be installed in the TPS storage ring. Because civil construction was delayed, one refrigerator/liquefier test area (R/L 
area) was constructed in the neighbourhood of the gaseous-helium tanks to complete the assembly and testing of a 
TPS helium cryogenic system. The TPS helium cryogenic system was installed and commissioned by the supplier in 
the test area with a LN2 pipeline without vacuum jacket in November 2012. The TPS storage-ring structure allowed 
the installation in the second quarter of 2013. The system was then disassembled, removed to the TPS storage ring, 
reassembled and commissioned by NSRRC staff in May 2014. The objective of this paper is to describe the results 
of installation and commissioning of the TPS cryogenic system. The pre-commissioning is presented; a summary of 
performance and pressure stability is presented and discussed. The testing of the heat load and functioning of the 
LN2-transfer system is also presented and discussed. 
2. Installation and pre-commissioning of the LN2 transfer system and helium cryogenic system 
2.1. LN2 transfer system 
The LN2 transfer system was delivered and installed in August 2013. The pipeline was separated into 24 sections 
and connected with field joints to reserve maximum 200-mm uncertainties for each section of piping length on site. 
The LN2 was provided from one 60-m3 storage tank with operating pressure 2.8 barg. Two gas vents were installed 
at the highest point to maintain the quality of the LN2 supply. One 1000-L LN2 phase separator was installed 
upstream of the SRF cavities to provide an adequate and stabilized pressure of LN2. The dry and pure nitrogen gas 
purged the LN2 transfer line and phase separator until the test of dew point and particles attained -70 °C and class 
100, respectively. The testing of pressure retention and helium leakage extended to 12 barg and 10-5 mbar L/s for the 
pipeline and field joints. The insulation was evacuated to 10-5 mbar before cooling the LN2-transfer system. 
2.2. Helium cryogenic system 
The compressor system and gas helium storage tanks were installed in the scheduled location, but the R/L area 
was located in a temperate test area for the acceptance test by the supplier in year 2012. We disassembled the room- 
temperature pipeline, the cold helium transfer line and the LN2 transfer line between the R/L and the LN2 manifold. 
The power cable, the piping for the cooling water, the instrument air and the signal wiring were also disassembled. 
The vacuum barrier of the cold box was filled with gaseous nitrogen to 0.1 barg, and a fixed bolt was screwed at the 
bottom of the cold box with the heat exchanger to avoid any movement of the components inside the vacuum barrier 
of the cold box.  
A small amount of gaseous helium was kept purged to decrease contamination during disassembly of the 
pipelines, which were filled with gaseous nitrogen at 0.1 barg after full disassembly. The positioning point of the 
R/L area was measured and duplicated at the scheduled location in the TPS ring with a laser tracker; the deviation of 
the positioning point was about 0.3 mm. The equipment of the R/L area was transported and relocated in 2013 July; 
the deviation of relocation was about 1 mm compared with the location in the temperate test area. The reinstallation 
of the pipelines for gaseous helium at room temperature and for cold helium was completed in February 2014. The 
power cable, pipeline for instrument air and signal wiring were constructed and connected to the relevant cabinet 
and devices also in the same period. The pipeline for cooling water was completed in April 2014.  
2.3. Pre-commissioning of the helium cryogenic system 
The pressure retention was tested to 22.5 and 3 barg for the discharge and suction lines, respectively. The 
pipeline for gaseous helium was evacuated to 2.0x10-2 mbar and purged with gaseous helium (grade A/50); this 
procedure was undertaken three times to dilute the impurities. The helium leakage was tested to 10-5 mbar L/s on 
spraying gaseous helium around the joints under 18 and 3 barg for the discharge and suction lines, respectively. The 
helium leakage was tested to 10-10 mbar L/s in the evacuation mode with 10-3 mbar pressure for both discharge and 
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suction lines. A small amount of helium leakage with rate 5.0x10-4 mbar.L/s was found at the pin of the heater-
signal plug of the 7000 L LHe dewar.  
The impurities in gaseous helium are a critical issue for the helium cryogenic system because of an operating 
temperature 80 to 4.6 K from downstream of the first heat exchanger to the J-T valve. Moisture at a large 
concentration is trapped inside the first heat exchanger; there it introduces a pressure drop and decreases the cooling 
power of the system. The concentrated impurity gases (i. e., nitrogen) become solidified, and impact and break the 
turbine wheel or bearing. This event took place readily during the initial cooling of the system because of the 
residual impurities inside the pipelines.  
We implemented one mobile cryogenic adsorber and dryer at the bypass loop of the discharge line and the 
suction line at the compressor area. A partial flow at 3 g/s and 6 g/s passes through the mobile cryogenic adsorber 
and dryer, respectively, to trap the moisture and impurities. Fig. 3 shows the temporal variation of concentration of 
moisture and gaseous nitrogen: the gaseous nitrogen was trapped effectively in the mobile cryogenic adsorber; the 
concentration decreased from 8 ppm to 3 ppm within 90 min. The concentration of H2O seemed not to alter during 
this period, perhaps due to the resolution constraint of the multi-component analyzer. 
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Fig. 3. Temporal variation of concentrations of moisture and nitrogen. 
3. Results and discussion 
3.1. Test of heat load  and pressure control of the LN2 transfer system 
The heat load of the LN2 phase separator was measured at its natural boiling rate, which was 0.7 % / day. Figure 
4(a) shows the results of measuring the heat load of the 132.8-m LN2 transfer line with two gas vents. A mass-flow 
meter was installed at the outlet of the two gas vents.  
The mass flow rate was measured under conditions of isolation of the LN2 pipeline from the 60-m3 storage tank 
and 1000-L LN2 phase separator after the inner line was filled with LN2. The total mass flow rate was 59.8 L/min; 
the corresponding heat loss was 213.6 W. The pressure was controlled with a gas ventilation-control valve and a gas 
compensation-control valve.  
Figure 4(b) shows the pressure stability of the 1000-L LN2 phase separator; the pressure fluctuation was 
controlled in the range +22 to -17 mbar with 1.85 barg operating pressure, which was better than the requested +50 
mbar from the SRF cavities. 
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Fig. 4. (a) Measured mass flow rate; (b) Pressure fluctuation of the LN2 phase separator. 
3.2. Performance of the helium cryogenic system  
Table 1 shows a summary of the performance of the helium cryogenic system tested after re-installation in the 
TPS storage ring with a vacuum-jacketed LN2 pipeline and phase separator. The test results were 20 % better than in 
the temperate test area [3], because the performance test was done with a LN2 transfer line without vacuum jacket in 
the temperate test area, which introduced a greater heat load such that the LN2 supply to the first heat exchanger had 
a poor quality. The temperature of the first heat exchanger is about 20 K higher than in the performance test with a 
vacuum-jacketed LN2 transfer line. 
Table 1. Summary of performance in various modes of operation 
Mode Dewar pressure 
/bara 
LN2 precooling Test result 
Liquefaction 1.35 No 72 L/h 
Liquefaction 1.35 Yes 239 L/h 
Refrigeration 1.35 No 544 W 
Refrigeration 1.35 Yes 890 W 
Mixed 
(refrigeration and  
liquefaction) 
1.35 Yes 870 W and 36 L/h 
   
3.3. Pressure stability of the main dewar and suction line 
The SRF cavities require pressure stability +3 mbar at the main dewar and suction line. Fig. 5 shows the pressure 
stability of the main dewar and of the suction line at the maximum refrigeration power with and without LN2 
precooling under steady-state operation; the pressure stability of the suction line was within +3 mbar bandwidth and 
gave better control than with the main dewar pressure, because the resolution of the bypass flow valve is better than 
the gas return valve of the main dewar. 
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Fig. 5. (a) Variation of pressure of the main dewar; (b) variation of pressure of the suction line 
4. Summary 
The TPS helium cryogenic system and the LN2 transfer system were installed and tested in years 2012 and 2013, 
respectively. NSRRC disassembled, re-installed and re-commissioned the TPS helium cryogenic system with 
vacuum-jacketed LN2 transfer line and LN2 phase separator in year 2014.  
The measured heat loads of the 132.8-m LN2 transfer line and phase separator were 213.6 W and 0.7% / day, 
respectively. The pressure fluctuation was +22 mbar and -17mbar under 1.85 barg operating pressures, which satisfy 
the requirements of the SRF cavity operation.  
The performance of the helium cryogenic system was 20 % better than the test result in the temperate test area. 
The pressure fluctuation was with +3 mbar, which satisfies the operation of the SRF cavities also. 
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